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TECHNICAL NOTE
An analysis of errors found in renal vein sampling for
plasma renin activity
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The measurement of plasma renin activity (PRA)
in renal venous blood has become widely used to
detect significant renal ischemia in renal artery ste-
nosis and has proved to be a valuable tool in predict-
ing the outcome of corrective surgery [1, 2, 3, 41. It
has been suggested that a ratio of 1.5 to 1 between
PRA measured in the renal vein on the affected side
to the PRA from the contralateral renal vein in-
dicates the presence of a functional renal artery ste-
nosis [1, 2, 3].
Considerable attention has been given to the condi-
tions under which the renal vein blood samples may
be reliably collected [3, 5, 6]. Alterations in posture,
blood volume, renal perfusion pressure, and sodium
delivery to the kidney produce rapid minute to min-
ute changes in renin release [6, 7, 8], and it has been
proposed that if samples were collected simultane-
ously from the right and left renal veins, differences
secondary to these changes would be minimized [9,
10]. The present study analyzes the errors introduced
in the collection of blood and assay of PRA in blood
collected both simultaneously and consecutively from
renal veins of eight patients over a 30-mm time pe-
riod.
Methods. Eight patients who were hypertensive
(systolic, 162 8.7 mm Hg; diastolic, 109 + 2.8 mm
Hg) were studied. There were five males and three
females whose age range was 22 to 42 (mean, 29). All
subjects had normal urine sediment and a normal i.v.
pyelogram. A renal arteriogram in all eight subjects
did not demonstrate stenosis of any of the renal arter-
ies. All patients received a 15 mEq sodium diet for
two weeks before the study. Medications were
stopped 72 hr prior to the study and the patients
remained supine for 12 hr prior to and during the
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study. Two preformed, curved, thin-walled, green
Kifa catheters with two side holes close to the tips
were introduced via the femoral vein into the right
and left renal veins and a small volume of contrast
medium was injected to confirm that the catheters
were in place. Ten-milliliter samples of blood were
then withdrawn simultaneously from left and right
renal veins and each 10-mi sample was divided
equally between two polyethylene tubes containing
sodium ethylenediaminetetracetic acid (EDTA) (final
concentration, 0.27 mM). Further samples were col-
lected simultaneously from right and left renal veins,
after 10,20, and 30 mm. Each sample was divided into
duplicate tubes as described above. All sample tubes
were in ice. The patient was screened at the end of the
procedure to verify that the catheters were still in the
correct position. The samples were immediately cen-
trifuged at 2,000 g in a refrigerated centrifuge at 4°C
and the plasma stored at —20°C until assayed. PRA
was measured by the method of Haber et al [11],
using CI Sorin antibodies and angiotensin I stand-
ards at a pH of 7.4. The pH of samples was not
altered prior to incubation and the values for the
samples were read from the middle two-thirds of a
standard curve. Normal values for patients in the
supine position on a 10 mEq Na diet was 5.6 to 9.1
ng/ml/3 hr and the coefficient of variance of our
assay was 12%.
The data was analyzed by analysis of variance for a
hierarchical model [12]. The mean squares for
patients, veins in patients, and times represent the
variances for the main factors of the model. The
interactions between these factors were measured by
the "times X patients" and "times X veins in
patients" mean squares. The lowest tiers of the model
were the "collection error" which was calculated
from the PRA values for the duplicate collection
tubes and the "assay error" estimated from the assay
duplicates. In the analysis of variance, the main ef-
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Table 1. PRA values (ng/ml/3 hr) for right and left renal veins of eight patients at four different times
Patient
no. 1 2 3 4 5 6 7 8
Time
mm Left Right Left Right Left Right Left Right Left Right Left Right Left Right Left Right
0 9.1
6.6
7.8
9.8
6.7
6.7
5.9
5.6
15.4
17.3
15.1
13.1
32.0
25.6
17.1
20.7
4.5
4.3
4.9
5.1
5.3
4.9
5.4
5.9
4.2
4.4
4.7
5.2
16.2
21.5
27.1
25.4
10 5.8
6.6
8.3
5.7
7.3
6.7
7.9
8.6
32.9
23.3
16.2
15.5
29.8
30.0
20.9
22.4
8.1
8.3
9.1
9.8
5.9
5.6
5.4
6.0
6.2
5.8
6.8
6.1
19.3
18.9
20.8
30.1
20 8.8
7.3
5.9
5.8
5.5
6.0
7.2
5.8
19.5
23.4
19.2
28.2
19.4
22.3
15.6
16.1
9.5
11.1
13.2
12.1
6.1
5.9
5.3
4.8
9.3
9.6
14.6
15.1
20.3
22.4
34.0
33.7
30 8.1
6.9
4.8
4.7
6.9
6.0
7.2
5.6
30.7
21.2
21.6
13.7
21.7
22.9
14.8
15.3
12.1
12,6
16.3
17.2
5.8
5.6
5.1
5.1
6.0
6.4
6.1
6.9
24.2
21.1
25.4
25.2
fects of patients, veins in patients, and times were
tested against the "times X patients" interaction vari-
ance. The latter was in turn tested against the "times
x veins in patients" variance to give a measure of the
effect of time on PRA in individual patients. The
"times X veins in patients" variance was itself tested
against the "collection error" to determine whether
there was a differential effect of time on right and left
veins within patients, and finally, the "collection er-
ror" and "assay error" were compared.
Results and Discussion. The individual PRA values
for each patient at the four different times are shown
in Table 1. Assay duplicates are not included here,
but the two values shown for right and left veins at
each time are the results for the duplicate collection
Table 2. Table of calculation of analysis of variance
Source of
variation SS d.f.
Mean
square F
Signifi-
cance
Patients 13,700.95 7 1957.27 1957.27 = 32.32 P < 0.01
60.56
Veins in
patients 1,155.77 8 144.47 144.47 =
60.56
2.39 NS
Times 209.89 3 69.96 69.96 = 1.16 NS
60.56
Times X
patients 1,271.83 21 60.56 60.56 =
18.84
3.21 P < 0.01
Times >< 452.27 24 18.84 18.84 = 2.05 P < 0.05
veins in
patients 9.17
Collection 587.03 64 9.17 9.17 = 4.68 P <0.01
error
-'j—
Assay
error 251.03 128 1.96
Total 17,628.77 255
tubes. The range of values was 4.2 to 34.0 ng/ml/3 hr
with a mean for the group of 12.8 ng/ml/3 hr. When
these values were exaniined using analysis of variance
(Table 2), there was no significant overall effect of
time when the patients were considered as a group (F
= 1.16). However, the effect of time on PRA in
individual patients was found to be highly significant
(F = 3.21, P < 0.01). This means that sampling the
veins of a given patient at different times would be
expected to introduce a significant error when com-
paring values from right and left renal veins. There
was also a significant effect of time on the individual
veins within patients (F = 2.05, P < 0.05) suggesting
that PRA in any single renal vein may change inde-
pendently with the passage of time. Further errors
were introduced after collection of blood from the
patient. It was found that the "assay error" (1.4
ng/ml/3 hr) was significantly lower than the "collec-
tion error" (3.0 ng/ml/3 hr) which represents errors
introduced during treatment and storage of the sam-
ples (F 4.68, P < 0.01). Analysis of the contrib-
uting errors is shown in Table 3. The total error in the
measurement of PRA in a single sample collected in
Table 3. Standard errors in the measurement of PRA in
renal vein samples from the group shown in Table I.
All values are for duplicate samples.
Measurement
S1M
ng/ml/3 hr
SEM
% of mean°
Single determination 2.3 18
Difference between two renal
veins sampled simultaneously 3.3 26
Difference between two renal veins
sampled nonsimultaneously 4.5 35
Difference between two renal veins
sampled simultaneously
at three different times 1.8 14
a The mean was 12.8 ng/ml/3 hr.
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duplicate was calculated from the "times X veins in
patients" variance plus the "collection error" and the
"assay error." This was 2.3 ng/ml/3 hrs which is 18%
of the mean for the whole group (12.8 ng/ml/3 hr).
The standard error of the differences between right
and left veins sampled at the same time was, there-
fore, 3.3 ng/ml/3 hr (26% of the mean). When com-
paring veins not sampled simultaneously, the "times
X patients variance" also contributes to the error. In
this case, the error of the difference between right and
left veins was increased to 4.5 ng/ml/3 hr (35% of
the mean). The error of the difference between two
means may be reduced to 1.8 ng/ml/3 hr if duplicate
samples are collected from each vein simultaneously
at three different times.
In the present study, renal vein PRA data was
examined by the use of analysis of variance in eight
patients with essential hypertension. Patients without
renovascular abnormalities were studied, as the dif-
ference in PRA observed between right and left renal
veins in these patients could be ascribed to random
variation, whereas differences observed in patients
with renovascular disease could have been due to
random variation or true differences between sides.
A collection error was introduced by the cumula-
tive effects of cooling and centrifuging of blood sam-
ples and storage and incubation of plasma. The col-
lection error in this study was much higher than the
assay error. It would be possible to minimize this
error by increasing the number of tubes of blood
collected for each sample. As the assay error is small,
little would be gained by assaying each of these tubes
in duplicate.
Changes in renin release over a period of time
contribute greatly to the error in the determination of
difference in PRA between renal veins. It has pre-
viously been suggested that simultaneous sampling
may reduce the error in the technique [9, 10]. Our
results show that the renin released by right and left
renal veins within individual patients did not behave
in an identical way with time. This effect was, how-
ever, much smaller than the overall effect of time on
both veins of each patient. Thus, simultaneous sam-
pling of right and left veins effectively reduces the
error in the estimation of the differences between the
two veins. The nonidentical changes with time of
PRA from the right and left veins would still be a
source of error but this could be partially overcome
by sampling simultaneously at more than one time.
The errors involved in the determination of PRA
must be taken into account when comparing renal
vein PRA, and the magnitude of the difference be-
tween veins should exceed the total cumulative error
of the method. On the basis of our results, a renal
vein PRA ratio of 1 .5 to 1 would be significant at the
5% level if at least two samples were collected simul-
taneously from each vein at each of three different
times. Much higher ratios would be required for a
significant difference if the veins were not sampled
simultaneously. In conclusion, simultaneous sam-
pling of renal veins and replicate sampling are two
methods suggested by this study to improve accuracy
in the measurement of renal vein PRA, thereby im-
proving the predictability of this technique in diag-
nosing surgically curable renovascular hypertension.
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